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ABSTRACT 
 
Rats are one of the most widely used animal models in health research. However, 
since rats are relatively resistant to atherosclerosis, the transgenic rats often used 
to study atherosclerosis in rats. Our study suggests a prolonged-heated lipid to 
induce atherosclerosis in rats, therefore provide a more low-cost option to study 
atherosclerosis in rats. Aims of this study is to compare the effect of heated high-
fat diet (HFD) to the LDL and HDL cholesterol level and foam cell formation in 
the Wistar rat animal model. Rats were divided into three groups, control group 
was given with the normal diet, and the other two treated groups received oxidized 
HFD (heated HFD) and HFD, respectively. The heated HFD contain lard that was 
previously heated at 190°C for 24 h. Diet was given for 8 weeks. The serum LDL 
and HDL cholesterol level were measured before and 4th and 8th weeks after treat-
ment with help of colorimetric measurement. The aorta analyzed for the foam cell 
formation after HE staining using the light microscope.  The prolonged- heated 
HFD significantly increased the LDL cholesterol from the 4th week of the treat-
ment (p = 0.023). The rats aortic from HFD and heated HFD treated groups 
showed a mononuclear cells infiltration and the early foam cell formation. The 
heating process of the lipid caused lipid oxidation which significantly increased 
the LDL cholesterol level of the animal model and foam cells formation. This 
study suggests that Wistar rats with heated HFD could demonstrated early ather-
osclerosis plaque development. 
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Introduction 
Nowadays, cardiovascular disease, including 
coronary heart disease, stroke, cardiomyopathy, 
and other diseases, is counted as the major cause 
of mortality in the world [1]. Although the inci-
dence tends to decrease in the developed coun-
tries, the tendency is rising in the low and middle-
income countries. The lifestyle changes, including 
high fat intake, less physical activity, and smoking 
habits take part in the increased cardiovascular 
disease prevalence [1, 2]. 
Atherosclerosis is the chronic inflammatory  
disease which causes the cardiovascular disease 
[3, 4]. One of the most important risk factors of the 
atherosclerosis is dyslipidaemia which is charac-
terized by the high concentration of total choles-
terol, triglyceride, and LDL cholesterol, and low 
concentration of HDL cholesterol in the blood [5, 
6]. Moreover, the radical oxygen species (ROS) 
enhance the production of the oxidized LDL cho-
lesterol which initiates the progression of athero-
sclerosis [7].  
Oxidized lipid binds to the scavenger receptor, 
such as lectin-like oxidized-LDL receptor-1 
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(LOX-1), in the endothelial artery cells and acti-
vate the endothelial dysfunction [8, 9]. Subse-
quently, the activated endothelial cells release cy-
tokine and adhesion molecules which promote the 
monocytes recruitment that differentiate into mac-
rophages [10] and generate the foam cells [11] 
which develops to atherosclerotic plaques [12, 7, 
4].   
To study atherosclerosis, some animals’ mod-
els have been used. Rats are among the most fa-
vourable animal model because it is low cost, easy 
to handling and housing, and well-establish ge-
nomic data [13]. Although these animal models 
have important roles in understanding the athero-
sclerosis lesion formation, there are some limita-
tions of using these animal [14]. Rats are relatively 
resistant to atherosclerosis because most of the to-
tal plasma cholesterol is in the HDL form. In ad-
dition, rats also do not have cholesteryl ester trans-
fer protein (CETP) which make them more unsus-
ceptible for atherosclerosis [15]. Several trans-
genic rats have been developed to study athero-
sclerosis, such as the CETP transgenic rats [13, 
15]. However, the transgenic animals are highly 
cost and not widely available. Aims of this study 
were to investigate the effect of prolong-heated 
HFD to the cholesterols levels in the animal mod-
els. Moreover, we also examine the effect of the   
diet to the formation of the foam cells in the aorta 
and the fatty liver development. The prolonged-
heated affects the chemical and physical changes 
in the lipid composition and structure. The heating 
process increases the oxidation, hydrolysis, and 
polymerization, and changing of the fatty acid 
from cis to trans isomers [16]. The research offers 
a low-cost option to develop rats as the atheroscle-
rosis model. 
 
Material and Methods 
Animal treatment 
Male Wistar rats (Rattus norvegicus) (n = 15) 
were allowed for acclimatization for one week 
prior to treatment. They were randomly divided 
into three groups, the control group was given nor-
mal diet, the treated groups were fed high-fat diet 
(HFD), and heated high-fat diet (heated HFD) sub-
sequently. The diets were given for eight weeks. 
The diet composition is described in Table 1. The 
high-fat diets were prepared by adding 2% choles-
terol powder, 0.3% cholic acid, and 10% lard [17]. 
The heated HFD was prepared by heating the diet 
at 190°C for 24 h [12]. The diets were made 
weekly and kept in the refrigerator until used. 
Each animal was given 20 g of diets daily, based 
on their groups. The ingested feed was measured 
daily. Drinking water was given ad libitum 
throughout the experiment. Body weight was 
measured weekly. Serum from blood was obtained 
from tail vein prior treatment and after 4th and 8th 
weeks of the administration using high fat diet. Af-
ter 8 weeks, the rats were sacrificed and the aortas 
and the livers were collected. 
 
Foam cell and liver histopathology analysis 
Aortas were fixed and embedded with paraf-
fin. Specimens were sliced and stained with Hae-
matoxylin Eosin using the conventional methods. 
Histological analysis was performed under 400× 
magnification light microscope (Olympus, Tokyo, 
Japan). Livers were excised from the animals, 
rinsed with PBS, and physically examined. 
 
Statistical analysis 
All values were revealed as means ± SD. Col-
lected data were analyzed using one-way ANOVA 
and post-hoc LSD Test and the results were con-
sidered significant at p < 0.05. 
 
Results and Discussion 
The HFD and heated HFD diet increases the 
LDL cholesterol serum level 
The HFD and heated HFD diet successfully in-
creased the LDL cholesterol level in serum. After 
4 weeks’ treatment with HFD diet, the LDL cho-
lesterol serum levels in the groups received HFD  
 
Table 1. Diet composition 
Composition 
Percentage 
Normal 
Diet 
High Fat 
Diet 
Heated High 
Fat Diet 
Cornstarch 55 42.7 42.7 
Soybean oil 7 7 7 
Casein 20 20 20 
Sucrose 10 10 10 
Cellulose 5 5 5 
Gelatin 3 3 3 
Lard 0 10 10 * 
Cholic acid 0 0.3 0.3 
Cholesterol 0 2 2 
Total 100 100 100 
* heated for 24 h, 190°C 
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and heated HFD were higher than groups fed with 
the normal diet. Furthermore, after 8 weeks of the 
diet, the serum LDL cholesterol in both groups 
were higher than the LDL cholesterol level in the 
normal group diet (Figure 1A). Surprisingly, the 
diet also increased the HDL serum level in the all 
groups. However, after 8 weeks the HDL choles-
terol serum level declined in all groups (Figure 
1B). The groups received HFD had the lowest se-
rum HDL cholesterol level among the three 
groups, measurement of the body weights of all 
animals weekly showed that after 8 weeks of treat-
ment with HFD diet, there was no significant dif-
ferences were observed among all groups (data not 
shown). The normal groups demonstrated the most 
increased body weight because they also had the 
most ingested food (data not shown). 
 
(a) 
 
(b) 
Figure 1. The serum LDL (a) and HDL (b) cholesterol 
level analysis results. Analysis showed that 
the heated HFD diets significantly increase 
the LDL cholesterol level after 8 weeks’ 
treatment (p value = 0.023). Notes: * shows 
p value < 0.05 against normal diet. 
High consumption of unhealthy fats and oil 
lead to the pathogenesis of dyslipidaemia, a major 
risk factor for atherosclerosis and cardiovascular 
diseases [18, 1]. Not only are the excessive con-
sumption of lipid, to reduce cost, the frying oils 
repeatedly used in many communities, especially 
in the low income or middle-income countries. 
The prolong or repeatedly heating process in-
creases the free radicals’ level in animal study 
[19]. Other study demonstrated that higher tem-
perature and longer heating process lead to the in-
creased lipid peroxidation level in rats. The ther-
mal process directs to the polyunsaturated fatty 
acid decomposition and other fatty acid composi-
tion changes [12]. Our study indicated the similar 
result, where the group received thermally heated 
HFD had higher LDL cholesterol level than the 
LDL level of the group receive HFD diet after 8 
weeks of treatment. While the LDL cholesterol 
level of the groups received normal diet is signifi-
cantly lower than that of group received heated 
HFD diet.  
In the first 4 weeks, the HDL cholesterol level 
in all groups rose substantially with highest level 
was obtained by the group with the heated HFD 
HDL. This phenomenon demonstrated the reverse 
cholesterol transport in which the HDL plays a 
major role in cholesterol efflux [20]. Reverse cho-
lesterol efflux (RCT) is a process in which the cho-
lesterol is effluxed from blood and returned to the 
liver by the HDL. Furthermore, the cholesterol is 
excreted into bile and faeces. However, dyslipi-
daemia has been proven to impair this process 
through lowering the HDL level [21]. Our result 
showed a similar trend i.e. after 8 weeks of treat-
ment, the HDL level of all treated groups was de-
creased.  The group received heated HFD had the 
most increasing HDL level after 4 weeks (10.78-
fold increasing). This result suggested that the 
heated HFD diet induced RCT process to over-
come the high amount of cholesterol intake. How-
ever, the group received HFD only demonstrated 
the lowest g HDL level after 8 weeks of treatment 
(23.33-fold decreasing) suggested that in this 
groups the RCT process was the most impaired. 
 
HFD and heated HFD diet generates the foam 
cell formation 
Examination of aortic region of the normal rats 
showed a normal character with the smooth endo- 
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thelial cells. The muscle cells in the tunica media 
were observed in horizontal direction while the 
collagen and the connective tissues were also nor-
mal. After eight weeks’ administration with heated 
HFD, accumulation of fatty cells was found in the 
sub-intima of the aorta. The mononuclear cells in-
filtration was also observed in both groups. Some 
areas in the aortic of group with heated HFD 
demonstrated losing of muscle cells (Figure 2). 
The HFD affects the LDL cholesterol level in 
the blood and its vulnerability to the oxidation pro-
cess. Lipid oxidation acts as an initiation of the en- 
dothelial dysfunction leads to the foam cell for-
mation and atherosclerosis plaque development 
[22]. HFD together with the cholesterol supple-
mentation in the diet has the pro-atherogenic effect 
[23]. The aortic staining results revealed that the 
HFD altered the endothelial cells morphology af-
ter 8 weeks of the diet. Both groups received HFD 
diets showed a mononuclear cells infiltration in 
the intima-media regions. The mononuclear cells, 
such as phagocytes and monocytes, recruitment 
indicates an early stage of atherosclerosis [24]. 
Later on, the recruited monocytes undergo a mod- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Light microscopic analysis of HE stained aorta section after eight weeks’ treatment with normal diet 
(A), heated HFD (B), and HFD (C), (magnification 200×). Each groups were represented with 2 aortic 
regions from different animals. Rats with normal diet showed thin and smooth vessels. Smooth muscle 
cells in the tunica media oriented horizontal to the aortic canal (A). In the rats with HFD, mononuclear 
infiltration cells appeared in the media (dashed arrows) (C); the foam cells also observed under the 
sub- intima (arrows) (B). Some area also showed losing of muscle cells in the heated HFD groups 
(arrow heads) (B). Notes: I = intima, M = media, A= adventitia 
 
 
 
 
 
 
 
 
 
 
Figure 3. Liver gross examination showed that heated HFD induced fat accumulation. Liver from normal diet 
rat showed a normal, red, and shiny appearance (A), while the heated HFD diet induced fatty liver 
like phenomena that is indicated by extremely pale appearance of the liver (B). 
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ification and maturation to macrophage. The up-
take of the ox-LDL in the macrophages results in 
the foam cell formations which develop the ather-
osclerosis plaque [25]. Foam cells were found in 
the aortic sub-intima region from both groups. In 
some part of the aortic regions of the heated HFD 
diet rats, the smooth muscle cells disorientation 
and apoptosis were also observed (Figure 2).  The 
smooth muscle cells apoptosis generally observed 
in the advanced lesion of the atherosclerotic 
plaque [26]. However, previous studies also indi-
cated that smooth muscle cells apoptosis has been 
associated with the progression of the inflamma-
tion process, calcification, and plaque rupture [26–
28]. On the other hand, the rats fed the normal diet 
showed a normal layer of endothelial cells in thin 
and smooth layers. 
 
Heated HFD induces the fat accumulation in 
liver 
Macroscopic analysis of normal diet rats 
showed a normal, red, and shiny liver. In contrast, 
the rats with heated HFD diets showed an ex-
tremely pale appearance that indicates a phenom-
ena-like fatty liver (Figure 3). 
Liver gross analysis revealed that the heated 
HFD promotes the fat accumulation in the liver 
that is shown by the extremely pale appearance of 
the organ. The cholesterol and cholic acid in the 
diet have been studied to in inducing the liver ste-
atosis, necrosis, hepatocyte ballooning, steatohep-
atitis and fibrosis in the animal model [29]. This 
results also suggest that the heated HFD can lead 
to the development of non-alcoholic fatty liver dis-
ease (NAFLD), one of the most common chronic 
liver diseases in the Western world [30]. NAFLD 
in human is developed after years and caused by 
several risk factors, such as unhealthy diet, less 
physical activity, stress, and lifestyle. It is also 
known as a polygenic disease in which many 
genes take part to influence the condition. How-
ever, the high fat diet which leads to dyslipidemia, 
obesity, and metabolic disease is considered as a 
major risk factor [29]. Our result revealed the sim-
ilar phenomenon, in which after 8 weeks of HFD, 
the liver analysis showed a very clear pathological 
condition related to fat accumulation in the liver.  
Our result suggest that the prolonged-heated 
high fat diet can be applied in developing animal 
model for studying atherosclerosis in rats. As 
widely accepted, rat is resistant to atherosclerosis 
and it is considered as an unsuitable animal for 
studying lipid accumulation and atherosclerosis. 
Rat’s cholesterol is in the HDL form and rat do not 
have the CETP [15]. Although several strains of 
transgenic rats are available for studying athero-
sclerosis, however, these transgenic rats usually 
are expensive. Thus, our study offers an alterna-
tive diet that is economical and easily managed 
which can induce early atherosclerosis lesions. 
The result indicated that heated HFD significantly 
increased the LDL cholesterol level and developed 
early stage of atherosclerosis. Thus, the pro-
longed-heated HFD provides an option to work 
with Wistar rats as atherosclerosis animal model. 
 
Conclusion 
Our study suggests rats fed with prolonged 
heated HFD had a higher LDL cholesterol level 
than rats with HFD only. Both groups received 
HFD and heated HFD demonstrated mononuclear 
cells infiltration, muscle cells degeneration, and 
foam cells formation in its aortic area. Heated 
HFD induced the fatty liver accumulation after 
eight weeks of treatment. Hence, Wistar rats with 
prolonged-heated HFD can describe the early ath-
erosclerosis lesion. 
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